Plants have developed complex mechanisms to respond to salt stress, depending on secondary messenger-mediated stress perception and signal transduction. Nitric oxide (NO) is widely known as a 'jack-of-all-trades' in stress responses. However, NO-mediated crosstalk between plant hormones remains unclear. In this study, we found that salt stabilized both AUXIN/INDOLE-3-ACETIC ACID 17 (Aux/IAA17) and RGA-LIKE3 (RGL3) proteins due to salt-induced NO production. Salt-induced NO overaccumulation and IAA17 overexpression decreased the transcripts of GA3ox genes, resulting in lower bioactive GA 4 . Further investigation showed that IAA17 directly interacted with RGL3 and increased its protein stability. Consistently, RGL3 stabilized IAA17 protein through inhibiting the interaction of TIR1 and IAA17 by competitively binding to IAA17. Moreover, both IAA17 and RGL3 conferred salt stress resistance. Overexpression of IAA17 and RGL3 partially alleviated the inhibitory effect of NO deficiency on salt resistance, whereas the iaa17 and rgl3 mutants displayed reduced responsiveness to NO-promoted salt resistance. Thus, the associations between IAA17 and gibberellin (GA) synthesis and signal transduction, and between the IAA17-interacting complex and the NO-mediated salt stress response were revealed based on physiological and genetic approaches. We conclude that integration of IAA17 and RGL3 is an essential component of NO-mediated salt stress response.
Introduction
Salinity is the excess of sodium ions in soil in agricultural terms (Yadav et al., 2011; Colebrook et al., 2014; Golldack et al., 2014; Ismail et al., 2014) . Plants cannot avoid salt stress-triggered damage by changing their location, but they can perceive salt signal and translate the perception into protective responses, dependent on some secondary messengers including calcium, abscisic acid (ABA), and nitric oxide (NO) (Zhu, 2002; Gupta et al., 2011; Corpas and Barroso, 2015; Domingos et al., 2015) . The calcium-responsive salt overly sensitive 3 (SOS3)-SOS2-SOS1 protein kinase complex is widely known in salt stress signal transduction in plants (Zhu, 2002) . Briefly, salt stress induces an elevation in cytoplasmic calcium in plant cells, and thereafter calcium signal is mediated by combinations of protein phosphorylation/dephosphorylation cascades, triggering specific cellular responses in plants (Zhu, 2002) . NO is a 'jack-of-all-trades' in stress responses (Gupta et al., 2011; Corpas and Barroso, 2015; Domingos et al., 2015) ; however, the NO-mediated salt stress response remains unclear.
In recent years, growing evidence has revealed that plant hormones play important roles in plant stress transduction and response (De Bruyne et al., 2014; Golldack et al., 2014; Shi et al., 2014) . Not only the biosynthesis but also the signal transduction of many phytohormones including ABA, salicylic acid (SA), jasmonate (JA), auxin, and gibberellin (GA) have been shown to be involved in salt stress (Achard et al., 2008a, b; Hou et al., 2010; Yang et al., 2012; De Bruyne et al., 2014; Golldack et al., 2014; Shi et al., 2014) . In addition, transcription factors are also important regulators of hormone crosstalk in response to various stresses (Achard et al., 2008a, b; Hou et al., 2010; De Bruyne et al., 2014; Golldack et al., 2014; Jiang et al., 2014; Shi et al., 2014) .
GA has key regulatory functions in seed germination, plant growth and development, floral transition, salt and drought stresses, and plant-pathogen interaction (Ross et al., 2000; Jiang and Fu, 2007; Wang et al., 2009; Yu et al., 2012; Yoshida et al., 2014) . GA signaling is mediated by the binding of GA to its receptor GA INSENSITIVE DWARF 1 (GID1), following by the conformational conversion of DELLA proteins [GA Insensitive (GAI) , REPRESSOR of ga1-3 (RGA), RGA-LIKE1 (RGL1), RGL2, and RGL3] (Jiang and Fu, 2007; Wang et al., 2009; Gao et al., 2011) . In Arabidopsis, DELLAs are further recognized and degraded by the 26S proteasome via ubiquitination (Wang et al., 2009; Hou et al., 2010; Fukazawa et al., 2014; Resentini et al., 2015) . DELLAs are important regulators in GA-mediated plant growth, development, and stress response, and most crosstalk between GA and other phytohormones is mediated by DELLAs via direct protein interaction (Piskurewicz et al., 2008; Hou et al., 2010; Yu et al., 2012; Fukazawa et al., 2014; Li et al., 2014; Resentini et al., 2015; K. Li et al., 2016) . To date, multiple proteins have been shown to be DELLA-interacting proteins, indicating the involvement of DELLA in various plant hormone signaling pathways (Davière and Achard, 2016; M. Li et al., 2016; Wang et al., 2016; Xu et al., 2016) . In response to salt stress, endogenous GA is decreased while the protein levels of DELLAs are increased. Thus DELLAs permit flexible and appropriate modulation of plant growth, leading to an increased survival rate in Arabidopsis (Achard et al., 2006) . Moreover, GA negatively regulates plant salt stress resistance, as revealed by modulation of GA biosynthesis genes in plants (Shan et al., 2014) . Additionally, DELLA proteins regulate plant resistance to bacterial pathogens and fungi in Arabidopsis (Wild et al., 2012; Tan et al, 2014) , and OsSLR1 positively regulates hemibiotroph resistance through integrating SA and JA signaling (De Vleesschauwer et al., 2016) .
Auxin is widely known for its roles in plant development, including root system architecture, shoot apical meristem development and branching, phototropic response, and plant-pathogen interaction (Fu and Harberd, 2003; Jiang et al., 2014; Liu et al., 2015; Pan et al., 2015; Smit and Weijers, 2015; Boivin et al., 2016; Chanclud and Morel, 2016; Haiwei et al., 2016; Ikeuchi et al., 2016; Lavy and Estelle, 2016; Naser and Shani, 2016) . When auxin is present, auxin signaling is activated by the binding of auxin to its receptor proteins including TRANSPORT INHIBITOR RESPONSE 1 (TIR1)/AUXIN SIGNALING F BOX PROTEINs (AFBs), promoting the ubiquitin-mediated degradation of Aux/ IAA proteins by the 26S proteasome system, releasing auxin response factors (ARFs), and thereafter activating the downstream genes (Dharmasiri et al., 2005; Kepinski and Leyser, 2005; Maraschin et al., 2009; Calderón Villalobos et al., 2012) . In Arabidopsis, 29 Aux/IAAs have been reported, and Aux/IAA17 is one of the most important (Rouse et al., 1998; Nagpal et al., 2000; Ouellet et al., 2001; Overvoorde et al., 2005; Dreher et al., 2006; Korasick et al., 2014; Tian et al., 2014) . MIR393 is an miRNA that directly targets auxin receptors (TIR1, AFB1, AFB2, and AFB3), and overexpression of MIR393 affects auxin signaling and enhances salt stress tolerance in Arabidopsis (Iglesias et al., 2014; Chen et al., 2015) . Although the relationship between endogenous auxin level and salt stress response remains unknown, the involvement of AtMIR393 in salt stress resistance indicates the possible role of auxin signaling in salt stress response.
In this study, we investigated the associations between IAA17 and GA biosynthesis and signaling, as well as between the IAA17-interacting complex and the NO-mediated salt stress response using physiological and genetic approaches. We found that salt stabilized both IAA17 and RGL3 proteins due to salt-induced NO production, indicating that the integration of IAA17 and RGL3 is an essential component of the NO-mediated salt stress response.
Materials and methods

Plant materials and growth conditions
Arabidopsis seeds were sown on Murashige and Skoog (MS) medium and grown at 23 °C under 16 h light and 8 h dark cycles, with an irradiance of 120 µmol quanta m -2 s -1 and 65% relative humidity. The knockout mutants iaa17-1 (SALK_065697) and iaa17-2 (SALK_011820), and IAA17-overexpressing lines (IAA17OX-1 and IAA17OX-2) have been described in Shi et al. (2015) . The RGL3 lines (rgl3-5, 35S::RGL3-GFP and pRGL3::RGL3-GUS) have been described in Wild et al. (2012) .
RNA isolation and quantitative real-time PCR
Total RNA isolation was performed using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and RQ1 RNase-free DNase (Promega, Madison, WI, USA), and thereafter the first-strand cDNA was synthesized using reverse transcriptase (Toyobo, Osaka City, Japan) according to the manufacturer's protocol. Quantitative real-time PCR was performed using diluted cDNA and iQ™ SYBR ® Green Super mix (BIO-RAD, Hercules, CA, USA) as previously described by Shi et al. (2012 Shi et al. ( , 2013 Shi et al. ( , 2014 Shi et al. ( , 2015 . The primers for realtime PCR are listed in Supplementary Table S1 at JXB online.
GUS activity assay β-Glucuronidase (GUS) activity was determined by examining the production of 4-methylumbelliferone from the substrate 4-methylumbelliferyl-β-glucuronide as described previously by Jefferson et al. (1987) .
Plant salt resistance assay
For the assay, 10-day-old Arabidopsis seedlings were transferred to new MS agar plates with different concentrations of NaCl for an additional 11 d. Thereafter, 21-day-old plants were used for the determination of electrolyte leakage and survival rate as described previously in Shi et al. (2013) . At least four biological repeats were performed for the assay, and 18 plants were assayed in each biological repeat.
Yeast two-hybrid assay
For the assay, the coding region of IAA17 was fused to the DNAbinding domain in the bait plasmid pDB-Leu to form IAA17-BD, while RGL1-AD and RGL3-AD plasmids were from the pDEST22-/ pDEST22m-TF library (Ou et al., 2011) . The primers for vector construction are listed in Supplementary Table S2 . Specific bait and prey plasmids were co-transformed into yeast AH109 cells, and all transformants were grown on selective SD medium at 30 °C for selection and interaction assays.
Co-immunoprecipitation assays
For in vivo interaction assay, the coding regions of IAA17, RGL1, and RGL3 were amplified by PCR with SpeI/XmaI restriction sites, then the amplified fragments were inserted into the plasmids pSPYNE and pSPYCE (Walter et al., 2004) , to form IAA17-pSPYNE, RGL1-pSPYCE, and RGL3-pSPYCE. The primers are listed in Supplementary Table S2 . Mesophyll protoplasts were isolated from 4-week-old wild-type (WT, Col-0) plants as described by Yoo et al. (2007) . Co-immunoprecipitation assays of IAA17 and RGL1 or RGL3 proteins were performed on mesophyll protoplasts with 35S::IAA17-myc and 35S::RGL1-HA or 35S::RGL3-HA constructs. Thereafter the total proteins were extracted from the protoplasts according to Walter et al. (2004) . For co-immunoprecipitation assays, myc-fused IAA17 was immunoprecipitated using an anti-myc antibody (AM926; Beyotime Institute of Biotechnology, Haimen city, China), and the co-immunoprecipitated proteins retained by agarose beads were then detected using anti-HA antibody (AH158; Beyotime Institute of Biotechnology).
Transient expression assay in Arabidopsis protoplasts
For the luciferase (LUC) complementation assays, the coding regions of IAA17, RGL1, RGL3, and TIR1 were cloned into pCAMBIA1300-nLUC and pCAMBIA1300-cLUC (Q. to form IAA17-nLUC, RGL1-cLUC, RGL3-cLUC, and TIR1-cLUC. The primers are listed in Supplementary Table S2 . Then the purified plasmids were used for transfection in protoplasts with the 35S::GUS plasmid as an internal standard as described by Yoo et al. (2007) and Zhao et al. (2013) . For the reporter gene expression assay, the constructs 35S::vector, 35S::IAA17, 35S::RGL3, and 35S::TIR1 were used as the effectors. The effectors were transformed into pRGL3::RGL3-GUS (Wild et al., 2012) or HS::AXR3NT-GUS (Gray et al., 2001 ) Arabidopsis protoplasts, and the 35S::LUC plasmid was co-transformed as an internal standard. The GUS activity was determined as previously described (Jefferson et al., 1987; Cai et al., 2014) , and LUC luminescence in the protoplasts was assayed as described in Zhao et al. (2013) .
Determination of GA content
The GA content in 10-day-old Arabidopsis leaves was extracted and quantified as previously described by Chen et al. (2012) , using the derivatization approach coupled with nano-LC-ESI-Q-TOF-MS analysis. MS analysis was performed using a MicroTOFq orthogonal-accelerated TOF mass spectrometer (Bruker Daltonics, Bremen, Germany) controlled by Bruker Daltonics Control 3.2, and Bruker Daltonics Data analysis 3.4 software was employed for the data analysis. The BTA (3-bromoactonyltrimethylammonium bromide)-derived acidic phytohormones were detected under positive ion mode condition. The optimized online nano-electrospray ionization (ESI) parameters were as follows: capillary voltage −1.5 kV; dry gas 3.5 l min -1 ; dry temperature 130 °C; funnel 1 RF 200.0 Vpp; funnel 2 RF 200.0 Vpp; ISCID energy 10.0 eV; hexapole RF 200.0 Vpp; pre-pulse storage 5.0 µs. Ultrapure nitrogen gas was used as the drying gas and nebulizer gas. Spectra were acquired by summarizing 5000 single spectra. Full scan mode was used. Extraction of centroid spectra peaks with a width of 0.01 Da was used to pick up the extracted ion chromatograms (EICs) from the total ion chromatogram (TIC). Moreover, the retention times, internal standards, and accurate mass (full scan mode that was used in this method) of the detected GAs are shown in Supplementary Table S3 .
Determination of reactive oxygen species (ROS) accumulation
Endogenous hydrogen peroxide (H 2 O 2 ) and superoxide radical (O 2 -) were quantified as described in Shi et al. (2014) .
Statistical analysis
All experiments were repeated with at least three biological repeats with similar results. Data were expressed as means ±SDs. For the relative values (GUS activity, LUC intensity, gene expression level), the data of at least three biological repeats were averaged together, and then the averaged results were used to calculate relative values. The statistical analysis was carried out using ANOVA, and P<0.05 was considered as a significant difference.
Results
Salt stabilizes IAA17 protein due to salt-induced NO
To investigate the in vivo roles of IAA17 in salt and NO signaling, we examined the transcript and protein levels of IAA17 in response to NaCl and NO treatments in 10-day-old seedlings. Using quantitative real-time PCR, we found that the transcript level of IAA17 showed no significant difference upon NaCl, NO donor (sodium nitroprusside, SNP), or NO scavenger [2-(4-carboxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxy-3-oxide, cPTIO] treatments ( Supplementary  Fig. S1 ). Then, the HS::AXR3NT-GUS reporter line, which encodes a fusion of the coding sequences of the N-terminus (NT) of AXR3/IAA17 and the GUS-encoding uidA gene under control of a heat shock (HS)-inducible promoter (Gray et al., 2001) , was used to examine the protein stability of AXR3/IAA17 upon treatments. The GUS activity of HS::AXR3NT-GUS was significantly increased upon either NaCl or SNP treatments (Fig. 1) , but decreased after treatment with 200 µM cPTIO for 6-24 h (Fig. 1D) . To avoid the effects of salt and NO on the heat shock promoter activity, we also assayed the GUS activity in the HS::GUS reporter line (N9570), and found that NaCl and SNP had no significant effect on the GUS activity ( Supplementary Fig. S2A, B) .
In addition, the NaCl-increased GUS activity of HS::AXR3NT-GUS was alleviated by co-treatment with 200 µM cPTIO for 1-24 h ( Supplementary Fig. S2C ). These results reveal that salt stabilizes IAA17 protein due to salt-induced NO.
IAA17 confers enhanced salt stress resistance
After salt stress treatment for 11 d, the survival rates of WT (Col-0), iaa17 knockout, and overexpressing mutants were assayed. In comparison with the WT, iaa17 knockout mutants exhibited lower survival rates upon 180 mM or 220 mM NaCl treatment, whereas IAA17-overexpressing plants displayed higher survival rates (Fig. 2) . These results suggest that IAA17 positively regulates salt stress resistance.
IAA17 interacts with RGL1 and RGL3
To investigate further how IAA17 mediates the salt stress response, we fused the coding region of IAA17 to the GAL4 DNA-binding domain (DBD) to generate the bait for yeast two-hybrid screen, in order to identify IAA17-interacting proteins using the pDEST22-/pDEST22m-TF library (Ou et al., 2011; Tao et al., 2013) . Here, we identified two DELLA proteins (RGL1 and RGL3) as IAA17-interacting proteins (Fig. 3A) . Then, we sequenced the clone of DELLAs-AD and re-transformed IAA17-BD and DELLAs-AD into yeast AH109 in selective SD medium [SD-Leu-Trp-His-Ade with 3-amino-1, 2, 4-triazole (3-AT)[ (Fig. 3A) . The results confirmed the interaction between IAA17 and RGL1 or RGL3 (Fig. 3A) . Moreover, co-immunoprecipitation and LUC complementation assays in Arabidopsis protoplasts further confirmed the interaction in vivo (Fig. 3B, C) . Based on previous studies showing that RGL3 is involved in NO-induced primary root growth inhibition (Bai et al., 2014) , we focused on the interaction between AtRGL3 and AtIAA17.
The effect of IAA17-RGL3 interaction on their protein stabilization
Through LUC complementation assay, we found that RGL3 inhibited the IAA17-TIR1 interaction, and that TIR1 inhibited the IAA17-RGL3 interaction (Fig. 4A, B) . These results imply that RGL3 and TIR1 competitively bind to IAA17 in the presence of auxin. Consistently, when RGL3 was transiently overexpressed, the GUS activity of HS::AXR3NT-GUS significantly increased (Fig. 4C) , suggesting an effect of RGL3 on IAA17 stabilization. Moreover, transient overexpression of IAA17 increased the GUS activity of pRGL3::RGL3-GUS (Fig. 4D) , indicating the effect of IAA17 on RGL3 stabilization.
IAA17 negatively regulates the bioactive GA level
In addition, we determined the effects of IAA17 overexpression, as well as salt and NO, on the transcripts of GA biosynthesis-related genes. Using quantitative real-time PCR, we found that IAA17 negatively regulated the transcripts of GA3ox1 and GA3ox2 (Fig. 5A, B) , but had no significant effect on the transcripts of GA2ox genes and GA20ox genes ( Supplementary Fig. S3 ), especially GA2ox7 that was previously shown to be important for salt stress response in Arabidopsis (Magome et al., 2008) . The transcript levels of GA3ox1 and GA3ox2 were decreased upon 150 mM NaCl or 80 µM SNP treatment for 3 h (Fig. 5B) . Quantification of the endogenous GA content showed that IAA17-overexpressing plants and SNP-treated plants exhibited lower GA 4 , GA 8 , GA 9 , GA 12 , and GA 34 , while the iaa17-1 mutant displayed higher levels of GA 4 , GA 9 , and GA 34 (Fig. 5C) . However, the concentrations of GA 1 and GA 20 in all these lines were lower than the limits of quantification (LOQ) of the analysis method used in this study (Fig. 5C ). These results indicate that IAA17 and NO negatively regulate the endogenous GA level. The seedlings were heat shocked (37 °C) for 1 h and treated with NaCl or SNP as assigned, and GUS activity was examined immediately after treatments. The GUS activity without NaCl and SNP treatment was set to 1. Data shown are means ±SDs, and significant differences at P<0.05 were determined using ANOVA.
Salt stabilizes RGL3 protein due to salt-induced NO
Our quantitative real-time PCR results revealed that the transcript level of RGL3 showed no significant difference upon NaCl, SNP, or cPTIO treatment ( Supplementary Fig. S4 ). However, when the pRGL3::RGL3-GUS line (Wild et al., 2012) was used to examine the protein stability of RGL3, we found that the GUS activity of pRGL3::RGL3-GUS was significantly increased upon either NaCl or SNP treatment (Fig. 6A-D) , but decreased after 200 µM cPTIO treatment for 6-24 h (Fig. 6D) . Additionally, the NaCl-increased GUS activity of pRGL3::RGL3-GUS was alleviated by co-treatment with 200 µM cPTIO for 1-24 h (Supplementary Fig.  S2D ). These results indicate that salt stabilizes RGL3 protein due to salt-induced NO.
IAA17 and RGL3 are involved in NO-mediated salt stress response
To reveal further the association between NO, IAA17, and RGL3-mediated salt stress resistance, SNP or cPTIO was used for co-treatment with NaCl. SNP treatment significantly decreased electrolyte leakage and increased the survival rate in WT plants upon salt stress; however, this effect was compromised in iaa17 or rgl3 knockout mutants (iaa17-1 and iaa17-2, or rgl3-5) (Fig. 7A, B) . In contrast, cPTIO treatment dramatically increased electrolyte leakage and decreased survival rate in WT plants, but not in IAA17-or RGL3-overexpressing plants (IAA17OX-1 and IAA17OX-2, or 35S::RGL3-GFP) upon salt stress (Fig. 7C, D) . Consistently, SNP treatment significantly decreased ROS (H 2 O 2 and O 2 -) accumulation in WT plants upon salt stress, but this effect was also compromised in iaa17 or rgl3 knockout mutants ( Supplementary  Fig. S5 ). cPTIO treatment increased salt stress-induced ROS accumulation in WT plants, but not in IAA17-or RGL3-overexpressing plants (Supplementary Fig. S5 ). These results show that overexpression of IAA17 and RGL3 alleviates the inhibitory effect of NO deficiency on salt resistance, whereas the iaa17 and rgl3 mutants display enhanced sensitivity to NO-mediated salt resistance.
Discussion
Although some studies have shown the relationship between salt stress and the endogenous NO level (Zhao et al., 2007; Corpas et al., 2009; Shi et al., 2012 Shi et al., , 2013 , NO and IAA17 protein stabilization (Liu et al., 2015) , NO and DELLA protein stabilization (Lozano-Juste and León, 2011; Bai et al., 2014) , and DELLA and salt stress resistance (Achard et al., 2006; Geng et al., 2013) , the associations between IAA17 and DELLA, the IAA17-interacting complex, and the NO-mediated salt stress response are unknown. Thus, the novelty of this study is that it shows the integration of the plant response to salt stress by NO-mediated protein stabilization and direct protein interaction of IAA17 and RGL3 in Arabidopsis.
NO is a gaseous diatomic radical molecule, regulating a wide range of stress responses during the entire plant life cycle (Gupta et al., 2011; Corpas and Barroso, 2015; Domingos et al., 2015) . As a secondary messenger in stress signal transduction, NO is rapidly and remarkably induced by ABA, H 2 O 2 , auxin, brassinosteroids (BRs), SA, polyamines, salt, drought, cold, heat, and heavy metals (Zhao et al., 2007; Corpas et al., 2009; Shi et al., 2012; Corpas and Barroso, 2015; Domingos et al., 2015; Liu et al., 2015) . Moreover, NO confers protective roles in plant response to salt, drought, osmotic, cold, heat, aluminum, boron, cadmium, and copper (Zhao et al., 2007; Corpas et al., 2009; Shi et al., 2012; Liu et al., 2015) . However, the underlying mechanisms are largely unknown.
To date, at least four reports have demonstrated the rapid and remarkable induction of endogenous NO production by salt stress in Arabidopsis (Zhao et al., 2007; Corpas et al., 2009; Shi et al., 2012; Liu et al., 2015) . Liu et al. (2015) reported that NO functions downstream of salt stress to regulate the auxin response to salt-mediated inhibition of the root meristem, by repressing PIN expression and stabilizing IAA17 protein. Here, we found that salt stabilized IAA17 due to salt-induced NO, as evidenced by the observation that the effect of salt on stabilization of IAA17 was compromised in the presence of the NO scavenger (cPTIO) ( Fig. 1;  Supplementary Fig. S2C ). Although the effect of both salt and NO on stabilization of DELLAs has been shown previously, the direct link between them remains unclear. In this study, we noted that an NO scavenger (cPTIO) significantly alleviated salt-mediated RGL3 stabilization, together with the induction of NO by salt stress ( Fig. 6; Supplementary  Fig. S2D ), indicating the crucial role of NO in salt-mediated RGL3 stabilization. Moreover, both salt and NO (NO donor and NO scavenger) had no significant effect on the transcript level of IAA17 or RGL3 (Supplementary Figs S2, S4) . These results suggest that salt stabilizes both IAA17 and RGL3 in an NO-dependent manner, without regulating their transcript levels.
In addition, our results demonstrated that IAA17 directly interacted with two DELLAs (RGL1 and RGL3), as evidenced by yeast two-hybrid screen, co-immunoprecipitation, and LUC complementation assays in Arabidopsis protoplasts (Fig. 3) . Also, overexpression of RGL3 and IAA17 increased the protein stabilities of IAA17 and RGL3, respectively (Fig. 4) , suggesting that the interaction between IAA17 and RGL3 promotes their protein stability. IAA17 and DELLAs are important short-lived transcription factors in auxin signaling and GA signaling, respectively, and both of them are degraded by the 26S proteasome via SCF ubiquitin E3 ligase-mediated ubiquitination (Wang et al., 2009; Hou et al., 2010; Fukazawa et al., 2014; Korasick et al., 2014; Tian et al., 2014; Resentini et al., 2015) . Thus, the identification of two DELLAs as IAA17-interacting proteins (Figs 3, 4) provided new insight into IAA17-mediated crosstalk between phytohormones. GA3ox, GA20ox, and GA2ox genes encode important enzymes in GA deactivation and biosynthesis, respectively (Achard et al., 2008a, b; Yu et al., 2012) . Here, salt, NO, and IAA17 all negatively regulated the expression of GA3ox genes, as well as the endogenous bioactive GA 4 level (Fig. 5) , indicating that IAA17 acts as a modulator in GA synthesis and GA signal transduction. Fu and Harberd (2003) demonstrated that auxin promotes Arabidopsis root growth by modulating the GA response. Our observation of IAA17-myc were immunoprecipitated using anti-myc agarose beads, and co-immunoprecipitated RGL1 or RGL3 was then detected using anti-HA antibody. Protein input for IAA17-myc in the immunoprecipitated complex was also detected. (C) IAA17 interacts with RGL1 and RGL3 in Arabidopsis protoplasts in the LUC complementation assay. Both n LUC and c LUC were vectors used as negative controls. A 5 µg aliquot of plasmid 35S::GUS was co-transformed as an internal control. Data shown are means ±SDs, and significant differences at P<0.05 were determined using ANOVA. (This figure is available in colour at JXB online.) the interaction between IAA17 and DELLAs (RGL1 and RGL3) further indicates the crosstalk between auxin and GA in salt stress response.
Because of the association between salt-induced NO and the stabilization of IAA17 and RGL3, as well as the direct interaction between IAA17 and RGL3, we further revealed the involvement of these interacting proteins in NO-mediated salt stress response. Here, both IAA17 and RGL3 positively regulated salt stress resistance (Figs 2, 7) , indicating that their protein stabilization by salt-induced NO may be involved in the NO-mediated salt stress response. Many previous studies found that NO-overproducing plants and exogenous NO donor treatment significantly enhance salt stress resistance, while NO-deficient plants have decreased salt stress resistance (Zhao et al., 2007; Corpas et al., 2009; Shi et al., 2012; Liu et al., 2015) . Although an NO donor (SNP) significantly increased the salt stress resistance of WT plants, SNP lost its effect on salt-induced ROS overproduction and salt stress resistance of iaa17 or rgl3 knockout mutants (iaa17-1 and iaa17-2, or rgl3-5) ( Fig. 7A, B; Supplementary Fig. S5 ). These results suggest that both IAA17 and RGL3 are essential for NO-conferred salt stress response. In contrast, an NO scavenger (cPTIO) significantly decreased salt stress resistance of WT plants, but had no significant effects on that of IAA17-or RGL3-overexpressing plants (Fig. 7C, D) . Thus, overexpression of IAA17 or RGL3 is sufficient for salt stress response in conditions of NO deficiency. Moreover, both IAA17 and RGL3 cause ROS levels to remain relatively low in response to salt stress, and this mechanism was also involved in NO-mediated ROS accumulation under salt stress conditions ( Supplementary Fig. S5 ). These results are consistent with previous studies showing that DELLAs restrain plant growth and promote tolerance to biotic and abiotic stresses by reducing ROS levels (Achard et al., 2008b) . Therefore, we conclude that integration of IAA17 and RGL3 is an essential component of the NO-mediated salt stress response, especially in salt-triggered ROS production. Based on collective observations, a proposed model of NO-mediated salt stress response in Arabidopsis is shown in Fig. 8 . In response to salt stress, the plant endogenous NO level was rapidly and remarkably increased. On the one hand, NO decreases the transcripts of PIN genes and the auxin level, thus stabilizing the protein level of IAA17 (Liu et al., 2015) . On the other hand, IAA17 and NO decrease the transcripts of GA3ox genes and result in a lower bioactive GA 4 level and stabilization of DELLA. Moreover, IAA17 directly interacts with RGL3, and increases its protein stability. Consistently, RGL3 also increases the protein stability of IAA17 through inhibition of the interaction of TIR1 and IAA17 by competitively binding to IAA17. Then the stabilization of both IAA17 and RGL3 by NO confers enhanced salt stress resistance, partially through modulation of ROS accumulation under salt stress conditions. Recently, X. found that ETHYLENE INSENSITIVE 3 (EIN3) may be involved in NO-promoted seed germination and seeding growth under high salinity. Together with the notion that DELLA/EIN3 interaction regulates seedling apical hook development in the dark Davière and Achard, 2016) , we conclude that DELLA as well as DELLAcontaining complexes (DELLA/IAA17 and DELLA/EIN3) are important for the NO-conferred salt stress response. The GUS activity without NaCl and SNP treatment was set to 1. Data shown are means ±SDs, and significant differences at P<0.05 were determined using ANOVA. In summary, this is the first study showing the associations between IAA17 and GA signaling, the IAA17-interacting complex, and NO-mediated salt stress response in Arabidopsis. We highlight that the integration of IAA17 and RGL3 is an essential component of the NO-mediated salt stress response.
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